BIOCHEMICAL SOCIETY TRANSACTIONS cerebral glucose transport is given in Fig. 1 . The departure from Michaelis-Menten kinetics of the high-affinity glucose-uptake system (Fig. la) disappears in the presence of insulin (Fig. 16) . Much further work is required t o test our hypothesis that insulin is removing a co-operative feature of the glucose-transport process.
Wilkin, G. P., Balazs, R., Wilson, J. E., Cohen Kidney is a complex tissue with a high degree of specialization of function in individual sections of the basic unit of structure, the nephron. This differentiation is most obvious in the well-known differences between metabolism of the cortex, the outer layer 574th MEETING, BATH of renal structure, comprising glomeruli and proximal and distal convoluted tubules, and the medulla, containing elements of Henle's loops and the collecting ducts. The metabolism of cortex slices is aerobic and includes a major capacity for gluconeogenesis, whereas the medulla is marked by a high capacity for anaerobic glycolysis. This capacity is particularly marked in the deepest layers of medulla, the papilla, whereas the more superficial layers or outer medulla has some oxidative metabolism in addition. As a result of elegant micro-dissection studies by Guder & Schmidt (1976) these general properties of kidney tissue can now be referred to differences in enzyme distribution along the nephron.
Fuels of respiration in the whole kidney have been determined in studies in uiuo, in which arteriovenous differences for fatty acids, lactate and to a lesser extent for glucose have been recorded (Nieth & Schollmeyer, 1966) . In cortex slices in vitro, up to 85 % of total O2 consumption was found to be attributable to fatty acid oxidation (or acetoacetate) and only 15% to glucose (Weidemann & Krebs, 1969) . However, the kidney is unique in that its 0, consumption is directly proportional to blood-flow rate. This has been taken to mean that a flow-related function of the kidney is the dominant 02-consuming process, and the best evidence points to this process being active Na+ reabsorption (Kramer & Deetjen, 1964) . Na+ filtered by the glomerulus is almost 100% reabsorbed, some 70% by the proximal tubule, and the remainder in the distal tubule. From studies in frog skin or toad bladder, the energy cost of Na+ transport has been calculated to be 15-20Na+ ions per 02. If O2 consumption of the intact kidney is 7-8pmol/min per g and total Na+ reabsorption about 140pequiv./min per g, Na+ reabsorption could account for almost all of the respiration of kidney, and the fuels of respiration already described may be expected to support most of the active Na+ transport in this organ. In studies with an isolated perfused rat kidney, this bas proved not to be the case (Ross et a/., 1973 Frega et ul., 1977) . Glucose rather than fatty acid is the most effective substrate supporting Na+ reabsorption. In addition glucose supports active K + transport and has a small but significant effect in increasing glomerular filtration rate. These results point to a special role for glucose in kidney, out of proportion to its apparent importance as a respiratory fuel.
Methods and results
An isolated perfused rat kidney preparation was used for the present study. Kidneys of fed rats were perfused for 90niin with 75mI of medium containing 6.7g of fraction-V bovine serum albumin/IOOml of Krebs-Henseleit saline, gassed with 0 2 / C 0 2 (19: I ) (Ross et al., 1973) . Individual substrates were added, usually at a concentration of 5 m~.
In other experiments, to examine the stimulatory effect of glucose on Na+ reabsorption, 2.5 mM-sodium butyrate was present from the beginning of perfusion, and the substrate t o be tested was added after 30min. Total Na+ reabsorption was determined from glomerular filtration rate (determined with [14C]inulin) and from urine and plasma Na+ determinations. O2 consumption was measured by sampling from the renal artery and vein, and the determination of O2 by a modified Clark electrode. Glucose, rather than fatty acid, was the most effective single substrate for the support of Na+ transport in the perfused kidney preparation (Ross et al., 1973) , and, in addition, glucose promotes K+ excretion (Silva et al., 1975) and significantly increases glomerular-filtration rate (Frega et a/., 1977) . Glucose may be replaced by either pyruvate or a mixture of lactate and pyruvate (5 : I), but could not be replaced by butyrate, oleate, crotonate or propionate (Frega et al., 1977) . Substitution of substrates that are rapidly oxidized, and might be expected to generate oxaloacetate, that is succinate, malate or funiarate, or the use of acetoacetate as a fuel of respiration could not replace glucose, and in such experiments the later addition of 5 m~-~-g l u c o s e again stimulated Na+ reabsorpt ion.
Glucose/Na+ co-transport, a mechanism whereby glucose promotes Na+ transport in the intestine, has been excluded as a significant contributor to the phenomenon observed in perfused kidney by the substitution of non-metabolizable, but readily Vol. 6 transported, glucose analogues, 3-0-methylglucose (56 % reabsorption) or a-methyl D-glucoside (91 % reabsorption). Neither of these sugars promoted Na+ reabsorption when added at a concentration of 5mM, but the subsequent addition of 5mM-D-glucose had the expected stimulatory effect.
The effect of glucose is therefore to be sought in glucose metabolism. Glycolysis alone is an insufficient explanation of the extra Na+ reabsorption, since glucose in the presence of IOpM-NaCN supported only 50% of Na+ reabsorption (Ross el a/., 1973) . Glucose oxidation appears to be a prerequisite for its effect. This conclusion is supported by the finding that pyruvate or lactate plus pyruvate can replace D-glucose.
To examine the possibility that even a low rate of glucose oxidation may be sufficient to support the observed Na+ transport, an experiment was performed to redetermine the energy cost of Na+ transport. Ouabain ( l m~) inhibited Na+ reabsorption by 50% from 22260pequiv./h per g dry wt. to 10350pequiv/h per g dry wt., and O2 consumption was decreased by 330+90 (12 experiments) pmol/h per g dry wt. The apparent energy cost of ouabain-sensitive Na+ transport was therefore 34.5equiv. of Na+/mol of 0, (Ross & Bullock, 1976) . The rate of glucose oxidation required to support total Na+ reabsorption observed in a series of perfusions with 5m~-glucose as the sole substrate [19600+ 1200 (1 2) pequiv./h per g dry wt.) may therefore be calculated as 93pmol/h per g dry wt., neglecting the ATP generated from a low rate of lactate formation. When glucose was metabolized by kidney perfused under these conditions, 132+ 12 (12) pmol/h per g dry wt. was removed; 26pmol (i.e. 13pmol of glucose) was recovered as lactate, so the rate of oxidation of glucose (1 19pmol/h per g dry wt.) corresponds remarkably closely t o that theoretically required t o support the observed rate of Na+ transport.
Discussion
The precise role of glucose in Na+ reabsorption and renal transport function generally is as yet obscure, but the following conclusions may tentatively be drawn.
(i) Glucose is a n important respiratory fuel in the functioning kidney, even though its absolute rate of oxidation is much lower than that of many other substrates, and despite a more important role for fatty acids when studied in non-transporting preparations in vitro such as the slice.
(ii) The real energy cost of Na+ transport in kidney is probably some 50% lower than earlier estimates so that the relatively low rate of glucose oxidation by kidney can nevertheless account for all of the Na+ reabsorption observed when glucose is the only added substrate.
(iii) The effect of glucose on K+ handling points to a primary site of action in the renal medulla, and possibly in the papilla, and leaves open the question of participation of glucose in proximal (cortical) tubular function. The effect of glucose on glomerular filtration rate may be directly in the cortex (glomerular respiration) or indirect (glomerulotubular feedback) by way of its stimulation of Na+ and water reabsorption.
(iv) The transport of Na+ in kidney may depend on the magnitude of the free-energy change during ATP hydrolysis, in which case the importance of a n individual respiratory fuel may reside not only in its rate of oxidation but also in its effect on cytosolic phosphorylation potential .
